Kyphoplasty provides a minimal-invasive surgical technique for the cement augmentation of vertebral bodies following osteoprotic compression fractures or malignant processes. Kyphoplasty has been developed as an advancement of vertebroplasty. Both procedures feature high-success rates in terms of reliable and lasting reduction of pain. Advantages of kyphoplasty over vertebroplasty are to be seen in the possibility of deformity correction as well as in a decreased risk of cement leakage, which represents the most important source for clinical complications. Long-term experiences with the effect of cementing vertebral bodies are sparse. Thus indications and possibilities have to be judged realistically. Conditions, which have to be considered before performing kyphoplasty or vertebroplasty include age of the patient, age of the fracture, degree of deformation and additional degenerative changes of the spine. This article summarizes the present research and literature as well as indications and contraindications and is thought to provide guidelines for the aforementioned decision-making processes.
Percutaneous augmentation techniques of the spine have enhanced options for the treatment of osteoporotic vertebral body fractures in elderly people to a great part. In addition to vertebroplasty, the injection of polymethyl methacrylate (PMMA) into a fractured vertebral body without reduction -kyphoplasty features the possibility of at least partial height restoration of a fractured vertebral body. While these techniques are rapidly adopted as technically feasible procedures, long-term experience is still sparse. Thus, indications have to be strict and possibilities have to be pondered cautiously in order to avoid complications on the one hand and unrealizable expectations on the other hand.
The primary goal of these techniques has to be to achieve a reliable and lasting reduction of pain by using a reasonably safe procedure, resulting in an increased mobility and quality of life.
This article conveys the common grounds as well as the limits of this relatively new technique, bases on the current literature and our own experience. Precise technical details of the procedure have been described elsewhere and are not repeated in this article. [1] 
Vertebroplasty
Since 1987, vertebroplasties are used in the treatment of osteoporotic vertebral body compression fractures (VBCF) as well as for augmentation of osteolytic metastatic processes of the vertebral body or multiple myeloma. Guided by fluoroscopy, bone biopsy cannulas are introduced into the vertebral body and contrast-enhanced PMMA is injected into the vertebral body via these cannulas. Usually, this procedure is performed under local anaesthesia. Vertebroplasty results in a rapid and significant reduction of pain in 80-90% of all treated patients. These results are reported both for osteoporotic VBCF and osteolytic processes of the vertebral body. [2] [3] [4] [5] Little data has been published about long-term results, but at least in osteoporotic VBCF pain reduction seems to last even 4-5 years after the procedure. [6, 7] Following the rapid spreading of this technique and its increasing number of applications, meanwhile the risk of extravertebral cement leakage has become clear as well. Especially leakage into epidural veins may result in severe complications, including fatal pulmonary embolisms. [8, 9] Since the cement has to be injected at a high pressure -even if the pressure coming out of the needle is lower than inside the needle -with relatively low viscosity, the risk of extrusion is even more immanent in vertebral fractures which affect the posterior wall (burst fractures) or osteolytic defects. Consequently, intra-and postoperative X-rays show cement leakage in up to 65% of all treated vertebral bodies. [10] Accurate CT scans show extrusion in almost all procedures.
[11] A recent study from Choe et al. revealed pulmonary embolism of cement in 4.6% of patients after percutaneous vertebroplasty or kyphoplasty.
Pulmonary embolism correlated with paravertebral venous cement leakage but not with type of procedure performed -kyphoplasty vs vertebroplasty. [12] In order to prevent cement extrusion, Groen et al. suggested increasing the vertebral venous pressure during surgery. This could be achieved by operating the patient in the prone position and by raising intrathoracic venous pressure with the aid of the anaesthesiologist during intravertebral instrumentation and cement injection. [13] Beside cement emboli, cement injection into the vertebral body can result in fat embolism. In animal experiments, this resulted in arterial hypotension. [14] Whether these findings are clinically significant has not been proven yet.
Another issue is the reaction of adjacent levels after augmentation of a vertebra. Over a follow-up period of 4 years Grados et al.found additional fractures in 52% of their patients. [6] Biomechanical investigations have confirmed clinical experience of an elevated risk of new fractures in the vicinity of augmented vertebrae. [15] One possible reason could be the different rigidities in augmented and nonaugmented vertebrae; another could be additional stress due to the kyphosis which is not addressed by vertebroplasty. Recent studies investigate the effect of multiple and prophylactic augmentations. [16] 
Kyphoplasty
The primary goal of kyphoplasty is the reduction of pain caused by VBCF. In addition, kyphoplasty aims for restoration of the fractured vertebral body and correction of the local kyphosis, which follows VBCF. Restoration is achieved by inflation of an expandable balloon tamp which is introduced into the vertebral body via a transpedicular approach prior to the application of bone cement. By expanding the balloon, the endplate is lifted and a cavity is formed which persists after removal of the balloon tamp. Afterwards, the cavity is filled up with bone cement to maintain reduction. In comparison to vertebroplasty the cement used in kyphoplasty features higher viscosity and the pressure needed for application is considerably less. In addition, the volume needed for augmentation is known from the balloon expanding procedure. Thus, the risk of cement leakage can be reduced significantly. [17] Also, the use of other bone substitution materials of higher viscosity, such as calcium phosphate, is facilitated. [18] According to clinical experience, average restoration of 33-50% of height of the vertebral body is feasible. The possible amount of restoration seems to decline with the age of the fracture. [19] [20] [21] Nevertheless, in a study of Kasperk et al., who treated patients suffering from chronically painful VBCF for more than 12 months, kyphoplasty resulted in an increase of vertebral height of 12% 6 months after the intervention, whereas vertebral height decreased by 8% in the control group. [22] In acute fractures, even positioning of the patient in prone position with the spine in hyperextension on the operating table might lead to a certain degree of height restoration.
[23] The location of the treated level seems to influence the extent of augmentation as well, since kyphoplasties of the lumbar spine are more likely to achieve a significant height restoration than those of the thoracic spine. In the authors' own patients and other reports no significant loss of height restoration was seen within 1 year after the procedure. [19, 24] Although the association between pain and decrease of mobility on the one hand and extent of spine deformity on the other is well known, it remains unclear whether patients benefit from height restoration of the fractured vertebral body on the long run. [19, 25] As with vertebroplasty, there is an increased risk of higher rate of subsequent fractures after kyphoplasty compared with natural history data for untreated fractures. In a study of Fribourg et al., most of these occurred at an adjacent level within 2 months of the index procedure. After this 2-month period, there were only occasional subsequent fractures, which occurred at remote levels. [26] Doubtlessly, clinical studies are needed to elucidate these associations, but prospective, randomized studies comparing vertebroplasty and kyphoplasty in terms of long-term results regarding pain and mobility are still missing.
Indications

Osteoporotic vertebral compression fractures
The osteoporotic compression fracture of the thoracolumbar spine is the main indication to perform a kyphoplasty or a vertebroplasty. Preoperatively, the main challenge is the sound identification of a symptomatic VBCF. It is essential to discriminate an acute event with sudden onset of pain, usually without adequate trauma and plain X-rays showing radiological signs of an acute fracture, from chronic conditions of painful disorders of the spine.
Acute fractures: CT scans are only needed in cases of high deformity and in burst fractures, in which protrusion of fragments into the spinal canal has to be excluded. On the other hand, MRT scans may give valuable additional information in regard to the age of a deformity of a vertebral body with acute fractures usually showing a significant bone oedema. The decision when to perform kyphoplasty can be made upon deformity of the vertebral body and extent of disability. It is well known that a considerable portion of VBCF causes only moderate pain and heals within a few weeks with moderate deformity. Beside the radiological extent of the deformity the ability of mobilization is another valuable clinical parameter. If the patient can be mobilized and discomfort is tolerable, conservative treatment should be considered at first hand. This treatment should comprise adequate analgesia as well as guided physiotherapy. It is mandatory to re-evaluate these patients on a regular basis (Figure 1) . In benign courses, pain decreases significantly within 4-6 weeks and a further sintering of the broken vertebra does not occur. In this case, functional treatment should be continued. If the patient still complains of significant pain or X-rays show a further collapsing of the vertebral body, augmentation techniques can still be performed successfully, sometimes even as 1-day surgery (Figures 2 and 3 ). This concept allows avoiding overtreatment of benign courses on the one hand, on the other unfavourable courses are still recognized and addressed in time.
Chronic processes: Finding the cause of chronic pain of the spine is usually much more difficult. Quite often combined pathologies of osteoporotic changes of unknown age, spondylosis, spondylarthrosis, degenerative spondylisthesis and stenosis of the spinal canal are found. In our experience, theses cases regularly require -in addition to a thorough case history -magnetic resonance imaging (MR scans). MR scans, especially fat suppressed STIR sequences, facilitate the selection of eligible deformities by identification of bone oedema of the vertebral body. [27] Like skeletal scintigraphy, this signal enhancement correlates with 'ongoing activity' within the vertebral body which regularly accounts for painfulness. Furthermore, plain X-rays in flexion and extension of the spine may indicate other conditions like instability or pseudarthrosis following fractures of the vertebral body. In our own patients, we occasionally perform diagnostic facet joint injections to identify the painful level. In patients with relevant kyphosis, the facet joint is at a posture of hyper-flexion. If all tests indicate a painful vertebral fracture, augmentation is indicated even in cases of longer history.
Malign processes: When Galibert and Deramond first described this technique, vertebroplasty was performed to stabilize vertebrae with haemangioma. [28] Not until the following years, vertebroplasty was used in the treatment of VBCF and nowadays the main indication for both kyphoplasty and vertebroplasty actually are vertebral compression fractures. As with VBCF, in the treatment of malignant processes the reduction of pain is the main purpose of augmentation techniques, which exceptionally even has been used in the cervical spine. [29] Larger case series usually comprise metastases of various primary tumours as well as multiple myeloma. [4, 30, 31] Especially in the treatment of vertebrae with metastases augmentation has to be regarded as palliative, but still quite worthwhile in terms of effective pain control. [32] However, the role of palliative augmentation as compared to radiotherapy has not been well defined yet.
Kyphoplasty vs vertebroplasty: Several clinical studies have shown significant reduction of pain in 70-90% of all patients undergoing vertebroplasty and in 67-100% of all patients undergoing kyphoplasty. [5, 33] This effect seems to be similar in both vertebroplasty and kyphoplasty. Nevertheless, randomized controlled trials comparing vertebroplasty against kyphoplasty are still missing. Taken from the data published so far and personal experience the risk of extrusion of bone cement is smaller in kyphoplasty than in vertebroplasty. [17] Biomechanical and pathophysiological considerations suggest that height restoration of the deformed vertebral body should be desirable. However, until now the effectiveness of height restoration has not been proven. On the downside, material costs are much higher in kyphoplasty. In order to reduce cannulation risk, operative time, radiation exposure and cost, it has been suggested to perform unipedicular rather than bipedicular kyphoplasty. In a cadaver study by Steinmann et al., both approaches were comparable in respect of mean strength, average stiffness and height restoration. [34] Recently, Heini et al. proposed the so-called lordoplasty as an alternative technique for kyphosis correction: Adjacent vertebrae are reinforced first and cannulas are introduced. Reduction of the kyphotic vertebra is then performed by using the cannulas as a lever. [23] From our experience, the following points speak in favour of performing a kyphoplasty rather than a vertebroplasty: � Kyphosis in a deformed vertebral body of more than 10° or height loss of more than a third: in these cases realignment of the spine should be aspired. � Serious deformity of the vertebral body with affection of the posterior wall: realignment is required at the lowest possible risk of cement extrusion. � Deformities, which are less than 8-week old: (partial) height restoration is probably feasible in these VBCF. � Comparatively young and active patients: a long-term benefit of height restoration is expected in these patients.
Contraindications
The most important contraindication for percutaneous augmentation is the lack of coherence between the patient's complaints and the radiological lesion. This coherence is absolutely mandatory. Although osteoporosis is found in the vast majority of patients, complaints might not be attributable to a distinct level and might well be due to other reasons like degenerative changes as mentioned above. Further absolute contraindications are infectious processes of the spine. Especially spondylodiscitis can mimic vertebral compression fracture in plain X-rays (Figures 4  and 5 ). Patient-related contraindications include untreatable coagulopathies and allergies against PMMA or contrast medium. Technical problems contain presentability of the index segment by a c-arm image intensifier. Multiple previous surgeries or massive adiposity may impede proper identification of anatomical landmarks for the positioning of cannulas and balloon tamps. Even presentability of the vertebral body can be too poor to allow a visualization of the process of filling up the vertebral body with PMMA cement. Thus, a safe procedure can be impossible.
Particularly in the upper thoracic and lumbosacral spine radiological visualization often is hampered due to the vicinity of shoulders or pelvis.
Relative indications
The grey area of relative indications and contraindications include the age limit of patients with deformities of the vertebrae. Results, that have been published so far, are usually derived from elderly patient, with 55-60 years seen as the youngest age for these procedures. The reason is that most of the applicable fractures, i.e. osteoporotic compression fractures, occur in elderly patients. More rarely these fractures are found in younger patients, e.g. following severe secondary osteoporosis due to long-term intake of steroids. In these cases decision has to be made individually. Other eligible fractures are found in patients suffering from ontogenesis imperfecta, which have been treated successfully by applying vertebroplasty. [35] Even incomplete burst, fractures might be eligible for augmentation techniques, especially for kyphoplasty (Figures 6 and 7) . In cases of significant destruction of the posterior wall and neural damage, kyphoplasty can be integrated into open surgery with decompression of the spinal canal via interlaminary windowing. [36] Generally, this type of fracture in elderly patients has to be discriminated from radiologically similar lesion in younger patient. In particular, injury to the intervertebral discs is much more important in younger patients and requires adequate considerations in the choice of treatment. A controversial issue is pre-existing or fracture-related neural damage and kyphoplasty. In general, spinal or foraminal stenosis is not apt for kyphoplasty, since these problems cannot be addressed by injection of PMMA cement. In our opinion a symptomatic spinal canal stenosis with significant claudicatio intermittens should be held as a contraindication. On the other hand, a series of lumbar radiculopathies has been described, which had been aggravated by vertebral instability due to VBCF. In these cases, pain was significantly reduced after performing vertebroplasty. [37] Recently, Masala et al. published a case report of a patient with a diagnosis of Guillain-Barre syndrome, who was admitted with a severe paraparesis and a fracture at the D12 vertebral body. MR imaging excluded compression of the spinal cord at that level. Kyphoplasty was successfully performed and enabled a prompt start of rehabilative therapy.
[38]
Discussion
Osteoporotic vertebral compression fractures account for a great part of spinal morbidity in elderly patients. These aches influence mobility and quality of life and lead to a significantly increased mortality following VBCF. [10, [39] [40] [41] Due to the rising average age of our population, the incidence of VBCF will multiply during the next decades. Subsequently, the importance and employment of percutanous augmentation techniques will rise as well. Vertebroplasty and kyphoplasty have impressively proven their capability to reduce pain due to vertebral instability and deformity. Only recently, the first two nonrandomized prospective trials comparing clinical outcome of kyphoplasties versus conservative treatment have been published. Kasperk et al. conducted a study comparing 40 patients undergoing kyphoplasty against 20 patients who were eligible for kyphoplasty but opted for conservative treatment. Beside changes in radiomorphology of the spine, pain visual analog scale (VAS) scores and daily activities [European vertebral osteoporosis study (EVOS) score] were assessed at 3-and 6-month follow ups and compared to baseline scores. (Table 1 ) summarizes outcome data from this study. VAS scores were significantly better in the kyphoplasty group compared to the control group after 3 and 6 months, while EVOS scores were significantly better in the kyphoplasty group after 6 months, but not after 3 months. [22] A study by Komp et al. who compared 19 patients undergoing kyphoplasty and 17 patients with conservative treatment at 6 week and 6-month follow ups showed similar results.
[42] The actual mechanism which leads to the significant reduction of pain after both vertebroplasty and kyphoplasty still is a matter of ongoing discussion. Local cytotoxicity as well as heat from the exothermic polymerization reaction of the PMMA cement have been proposed as possible reasons. [43, 44] Yet, pain relief seems to be comparable in kyphoplasties performed by using calciumphospate cement, which hardens almost isothermically. [18] Thus, the prevention of 'micro motion' within the fractured vertebral body, resulting in permanent irritation of intraosseous or periosteal nerves, has been suggestes as the pain-relieving mechanism. [45, 46] However, the amount of cement needed to achieve this effect is unknown. In a biomechanical study on cadaveric specimens, Belkoff et al. found 2 ml of cement to be sufficient to restore the strength of the vertebral body, while 4-8 ml of cement were needed to restore stiffness. [43] A clinical study showed no correlation between the volume of cement injected and pain relief in vertebroplasties of osteolytic processes. [47] Yet, data from class I -i.e. randomized controlled -clinical trials is still missing. Currently the first prospective randomized controlled trial comparing kyphoplasty vs conservative treatment is performed at various centres in Europe and the US. Results from this study will most probably influence the significance of this technique in the future. Doubtlessly, kyphoplasty as compared to vertebroplasty features a decreased risk of cement leakage and the potential of controlled height restoration of compressed vertebral bodies. The downside on the other hand is the expensiveness of this innovative technique. On the other hand, to our experience the length of a hospital stay for conservative treatment after VBCF can be reduced tremendously by performing kyphoplasty, which usually enables quick mobilization and discharge. However, controlled studies aiming at cost-effectiveness of augmentation techniques as compared to conservative treatment are still missing, too.
Further advancements of these techniques are to be expected regarding to the integration of other materials for augmentation. Particularly, cements made of calcium phosphate are currently used in first clinical applications; [18, 48] even, if the knowledge about long-term effects, which the different materials might exert on the vertebral body, is still sparse. Thus, another topic of future research has to be the in-vivo evaluation of these materials in adequate osteoporosis animal models.
Only recently, Ohnsorge et al. showed the option of implementation of computer-assistence into the kyphoplasty procedure. Positioning of the working cannulas was planned and navigated using a fluoroscopic navigation system based on 3D-CT data. Thus, accuracy could be increased and radiation exposure reduced at the same time.
[49]
Conclusion
Painful osteoporotic vertebral compression fractures can be successfully stabilized at a high-success rate and comparatively little effort by the use of percutaneous augmentation techniques, such as kyphoplasty and vertebroplasty. Their overall complication rate is low, although in singular cases extrusion of cement into the spinal canal or into the epidural veins has resulted in fatal complications. Acute fractures with tolerable pain and only little deformity still justify starting conservative treatment. However, the decision in favour of conservative treatment imposes the need for clinical and radiological follow-up examinations to prevent long and painful courses and severe secondary deformities of the vertebral body. Usually, these deformities can still be successfully corrected, if kyphoplasty is performed within 6-8 weeks. In chronic painful processes, meticulous preoperative examination is needed to discriminate pain caused by a radiologically verifiable vertebral compression fracture from pain of other reasons. It has to be underlined, that medical treatment, i.e. pain medication, e.g. 1 g of calcium, 1000 IE of vitamin D 3 and standard dose of aminophosphonate, should be given to all patients suffering from osteoporotic VBCF, whether they undergo augmentation procedures or not. Future research will concentrate on the evaluation of new materials, that are suitable for augmentation and reliable osteoporosis animal models will be needed to validate these materials in vivo.
